Abstract-Natural frequency is the most representative damage feature in the field of structural damage detection. Nevertheless, the functionality of natural frequency to portray damage in noise conditions has not been clarified systematically. With this concern, this study investigates the performance of natural frequency to characterize damage in beams in noisy conditions. The investigation is performed based on using natural frequencies to estimate the location and depth of a crack with its crack flexibility modelled by fracture mechanics principles. Sensitivity to damage together with robustness against noise of natural frequency is studied through analyzing various crack scenarios incorporating noise in measurement. The observations obtained can function as a guideline for the reasonable use of natural frequencies to locate and quantify damage in beam-type structures.
INTRODUCTION
Structural damage detection has been a research focus of increasing interest in mechanical, civil, aerospace, and military fields during the last few decades [1] [2] [3] . In the last two decades, the identification of cracks in beams based on natural frequencies has been increasingly investigated in the structural health monitoring community [4, 5] . The most representative method of using natural frequencies to identify cracks in a beam is the frequency contour method [6] [7] . Despite its popularity for characterizing damage, performance assessment of natural frequencies in identifying cracks is still pending. In essence, several factors influence the capacity of natural frequencies to depict damage: (i) as reported in [8] , natural frequencies are somewhat insensitive to slight damage [9] ; (ii) experimentally measured natural frequencies cannot accurately reflect the inherent frequencies of structures due to the interference of measurement error and uncertainty; (iii) the simplifications of beam theories make crack modeling more or less inaccurate. These factors may impair the effectiveness of natural frequencies in identifying cracks in beams. It is of great significance, therefore, to assess the performance of natural frequencies in characterizing damage, so as to provide a guideline for reasonable use of this feature in practical damage diagnosis.
II. FORMULATION
Using the transfer matrix method [10] together with the continuity and boundary conditions and Timoshenko beam theory, the characteristic equation for vibration of a Timoshenko beam with a crack can be represented in the form [11] : the unknown crack parameters, e and η . An advanced frequency contour method is created and implemented using Matlab® language to automatically estimate the crack parameters for a beam. This advanced frequency contour method includes two distinctive features: (i) the vectorization capabilities of Matlab® place a high priority on efficiency in calculating the intersection points so as to form all the intersectional triangles; and (ii) the centroid of smallest-area triangle is utilized to determine the crack parameters.
III. PERFORMANCE ASSESSMENT

A. Crack Modeling
The performance of natural frequencies in characterizing cracks is assessed using the advanced frequency contour method. The cantilever beam specimen described by Rizo et al. in [9] is considered, for which the elastic and geometric properties are: cross-section 20×20 mm2, length 300 mm, modulus of elasticity 
B. Crack Identification
The procedure of identifying a crack using the advanced frequency contour method is implemented independently for every crack case. For each case, eight groups of From Figure. 1 and 2 , several observations can be derived:
(1) Accuracy of crack identification gradually decreases with the increase in noise level; (2) Accuracy of crack identification progressively increases with the increase in crack depth; (3)When the noise level exceeds 3/1000, the frequency contour method is basically incapable of identifying a crack with a crack depth ratio less than 0.1; and (4)When the noise level exceeds 3/100, the frequency contour method is unable to identify a crack with a crack depth ratio less than 0.3.
IV. CONCLUSIONS
In the field of structural health monitoring, most existing studies address the merits of natural frequency in depicting cracks, whereas few investigations concern the capability of natural frequency to identify cracks in noisy conditions. This study demonstrates the performance of natural frequency in characterizing cracks in noisy conditions. The results indicate quantitatively that natural frequencies, as global dynamic properties of a structure, are somewhat insensitive to local slight damage. The outcome of this study provides a guideline for rational use of natural frequencies to identify cracks in actual beam-type structures.
